Background Recently, massive increases in health-care costs for the diagnosis and management of skin lesions have been observed . The aim of this study was to describe the health system costs attributed to the diagnosis and management of suspicious skin lesions detected during a trial of a population melanoma screening programme (1998)(1999)(2000)(2001). Setting Queensland, Australia. Methods Data from the trial and Medicare Australia were used to categorize and cost all suspicious skin lesions arising from the trial, which included general practitioner consultations, diagnosis/ management and pathology. Comparisons were made with other screened and unscreened populations. Results Overall, 2982 lesions were treated within the trial producing a mean cost of Aus$118 per lesion. Excisions for benign lesions contributed the greatest proportion of total costs (45%). The total cost burden was approximately 10% higher for men than women, and 63% of overall costs were for persons aged X50 years. For diagnosis and management procedures, the estimated average cost per 1000 individuals was Aus$23,560 for men aged X50 years from the skin cancer screening trial, compared with Aus$26,967 for BreastScreen Australia and Aus$3042 for the National Cervical Screening Program. Conclusions The proportion of costs for benign skin lesions and biopsies arising from the screening programme were no higher than in the two-year period outside the trial. While comparisons are difficult, it appears that diagnostic and management costs for skin cancer as a result of screening may be comparable with those for BreastScreen Australia, if screening is targeted at men aged X50 years.
INTRODUCTION

S
kin cancer continues to be a major public health issue in countries with fair-skinned populations. In Australia, in 2001, 8885 new cases of melanoma were diagnosed among a population of approximately 19 million. 1 Those residing in the state of Queensland carry the world's highest risk for melanoma with an estimated lifetime risk of one in 17 for men and one in 25 for women. 2 Between 1993 and 2003, the incidence of melanoma in the UK grew rapidly by 42% and 27% for men and women, respectively, leading to 8000 new cases diagnosed in 2002. 3 In addition, over 374,000 people in Australia 4 and over 65,000 people in the UK were treated for non-melanoma skin cancer (NMSC) in 2002. 3 Primarily due to this very high incidence (rather than the high cost per treatment), NMSCs were the most expensive cancer to the Australian health system in 2000-01 and represent a substantial economic burden. 4 Treatment expenditure from 1993-94 to 2000-01 increased in real terms by 24% and 56% for NMSCs and melanoma, respectively. 4 At present, skin cancers are diagnosed outside a formal screening programme. In both the UK and Australia, general practitioners (GPs) remain at the frontline in the diagnosis and management of suspicious skin lesions. With respect to skin cancer, Medicare claims data over the last 10 years have shown substantial increases in the numbers of services for diagnosis, management and pathology of skin lesions 5 and their associated costs. Unlike the pigmented lesion clinics in the UK, which require referral from a GP, in Australia, and especially Queensland, there has been a rapid expansion during the last five years of open-access GP-operated skin clinics. The contribution of these clinics to informal skin screening activity in Queensland has risen significantly between 1999 and 2003. Recommendations from leading national health authorities in the UK and Australia do not support mass population screening for melanoma or other skin cancers, 6 as conclusive evidence from randomized trials on the effectiveness of population screening in reducing mortality from melanoma is unavailable. However, there is indication from a large case-control study that melanomas detected during a deliberate skin examination (by a doctor or a layperson) are thinner compared with those detected incidentally. 7 Three exploratory economic analyses have modelled estimates of the cost per life year saved from melanoma screening and concluded that screening could be an efficient use of health resources if targeted at men over 50 years. [8] [9] [10] These studies relied heavily on hypothetical cohorts and simulation modelling around assumed parameter values. This is due to the presumed link between screening and decreased detection of thicker lesions (and subsequent reductions in mortality) that remains to be established. This link is an essential prerequisite for the 'effectiveness' side of a strong cost-effectiveness analysis. For this reason, we have chosen to examine the immediate cost impact to the health system based on confirmed diagnostic and treatment pathways in our cohort and not an extensive cost-effectiveness analysis.
A large-scale cluster randomized controlled trial of population screening for melanoma began in 1998, in Queensland, Australia. The key aim of the trial was to determine the effectiveness of a community-based screening programme in reducing mortality from melanoma. During the trial, 18 rural and regional communities were recruited with nine communities randomized each in the control and intervention arms (aggregate population 63,000 adults X30 years). In the absence of sufficient numbers of thick melanomas during the trial, we could not conduct a full economic evaluation of this screening programme (e.g. costeffectiveness, cost-benefit analysis). However, we were in a position to establish the costs to the Australian public health-care system of skin cancer management within, compared with outside, this designated screening programme. This paper specifically aims to (1) describe the costs to the health system for diagnosis, management and pathology of suspicious skin lesions detected during a screening trial and (2) compare the proportion of costs generated for suspicious skin lesion management through the screening trial with proportional costs for all persons residing in the trial communities. We expected higher absolute and proportional costs for treatment of benign skin lesions as part of a concerted screening effort.
METHODS
The intervention, called SkinWatch, was designed to promote whole-body skin self-examination and whole-body skin examination by a GP (referred here as clinical skin examination). 11 The SkinWatch intervention comprised a community education and awareness programme, an education programme for local GPs to improve their diagnostic and treatment skills and the provision of free, open-access skin screening clinics. 12 Clinics were conducted in workplaces and local community venues. Clinics were promoted in local newspapers, and in addition, random samples of men and women in each community were sent letters inviting them to attend the clinics. The clinics were staffed by both medical practitioners from within the community in addition to hired medical practitioners from outside. Unlike pigmented lesion clinics in the UK where referral is required by a GP, doctors working within SkinWatch clinics did not treat any suspicious skin lesions (and no consultation costs were assigned to this screening examination in the subsequent analysis), but rather referred the patient back to their GP for diagnosis and management. The research team retained copies of all referrals. Patients who did not fill their referrals within two months were reminded by telephone or mailing, and another reminder was issued five months after the referral was received. Upon visit by their own GP, the GPs used the SkinWatch clinic referral forms for record keeping (age and sex of patient, location, clinical diagnosis and subsequent management of suspicious skin lesions) and attached histopathology reports for any excised or biopsied lesions and patient surveys (demographic information, history of skin screening behaviours and skin cancer risk factors). Sociodemographic profiles of the attendees of the SkinWatch clinics were similar to those of the communities; however, twice as many clinic attendees were aged 50-69 years. 13 Further details of the project design, methods, tools and scope have been described previously.
11,12
Costing analysis
We took a health provider perspective and used patientlevel clinical data to focus on the diagnosis and management costs of skin lesions. We assessed whether the randomized trial of population melanoma screening was associated with increased benign skin lesion activity, and subsequent costs. Data on the management, histopathological diagnosis and site of each lesion referred from the SkinWatch clinics within the intervention communities were collated for the costing analysis. Medicare is Australia's national health insurance scheme provided by the Commonwealth Government to all Australian residents of any age. It provides free or subsidized treatment by GPs for many medical services including attendances, procedures and pathology services. The Medicare Benefit Schedule (MBS) was used to categorize and assign a cost to each lesion in this analysis.
14 The size of the lesion was also required before a cost could be assigned, however these data were not collected in the trial. Therefore, this information was imputed by using national MBS Item Reports. 5 MBS items for management of lesions according to size were summarized for 1995-99 (1,348,000 claims) and proportions of each size category generated (i.e. p10, 11-20, >20 mm). The same proportions were then randomly assigned to the sample of referred lesions in this project. For lesions that were treated by cryotherapy, the clinical diagnosis was used because no pathological diagnosis was recorded. Together these lesion data enabled an MBS item number and corresponding cost to be assigned to each referred lesion. A total of 33 items were possible for skin lesion treatment and included lesion type (melanoma, squamous cell carcinoma [SCC] or basal cell carcinoma [BCC], benign lesion, etc.), management path (cryotherapy, excision, biopsy, etc.), lesion size and site. As a result of the initial referral, MBS items were also assigned for a standard GP consultation (for all persons who went to their GP after a SkinWatch referral), any resulting pathology services for skin lesion work-up and referrals to specialists. Data on the use of further primary cancer treatment services (e.g. radiation, chemotherapy, etc.), patient out-of-pocket expenses or private practitioner expenses were not collected within the trial and not included in this analysis.
Costs are reported in 2004 Australian dollars and are based on Medicare unit costs. The current comparative price level based on Organization for Economic Cooperation and Development (OECD) purchasing power parities is £1 ¼ Aus$0.92. 15 As it was possible to have more than one lesion per patient, the means, medians and total costs were generated and summarized per lesion and per patient wherever appropriate. Results were produced for costs by broad cost type (i.e. GP consultation, diagnosis/management and histopathology), broad lesion management type (i.e. melanoma excisions, SCC/BCC excisions, benign lesion excisions, biopsies, 'other treatments' and referral to specialist), gender and age. 'Other treatments' included cryotherapy, topical creams, shave excisions, laser phototherapy, curettage and ablation techniques.
For comparison, additional Medicare data were obtained on the same MBS items for the entire population within the intervention and control communities of the trial, identified by postcode, during 2001-02, the closest time period to the trial for which data were available from Medicare. Medicare data capture all services performed by registered providers, from services eligible for MBS claims and for which a claim has been processed. As GPs are reimbursed for services provided, the accuracy of these data is regarded as high. Typically, administrative databases are viewed as the 'gold standard' for measuring health-care utilization and Medicare data are recommended above (or in addition to) patient-supplied data in Australia. 16 The analysis was undertaken using the computer program 'SPSS Version 13.0 for Windows'. 17 
RESULTS
From
1998 to 2001, 16,383 skin examinations were conducted within the SkinWatch clinics in the intervention communities. A total of 2302 patients (14.1%) and 4129 lesions were referred from the SkinWatch clinics back to their own GP. For 480 patients, no record of attendance at the doctor was received. Medical practitioner attendance records were, therefore, available for 1822 patients presenting with 2982 suspicious skin lesions. Further details on the clinical and secondary outcomes of this project are available elsewhere.
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A summary of health system costs of the SkinWatch clinics for the GP attendance, diagnosis, management and pathology required of the suspicious skin lesions, by broad cost type, is provided in Table 1 . The mean cost per patient was Aus$193 and the mean cost per lesion Aus$118. The mean cost per lesion was lower than the median cost (Aus$128) as many patients required only a GP consultation with no further action/management requirement. The total health system cost for the diagnosis and treatment of the 2982 skin lesions referred during this trial was Aus$352,533. The largest component of total costs were diagnosis and management costs Aus$168,146 or 48%, followed by pathology services Aus$136,557 or 38% (Table 1) . Table 2 summarizes costs by broad management group (i.e. by grouped MBS item codes as shown) and includes the standard cost of a GP consultation and any subsequent pathology services. As expected, the management strategy that incurred the greatest total cost (and number of lesions) was for benign lesion excisions Aus$159,684 or 45% of total costs. This was followed by SCC/BCC excisions at Aus$77,257 or 22% and other treatments (e.g. cryotherapy, topical creams, etc.) Aus$61,613 or 18%. Mean cost per lesion was highest for malignant melanomas due to the more complex excision(s) and pathology resources needed. Mean costs per lesion were relatively high for SCC/BCC excisions, lesions with multiple strategies and benign lesion excisions.
Total costs were examined by gender and age group in Table 3 . More men than women were referred for suspicious skin lesions (1615 versus 1367), and subsequently, overall costs for men were approximately Aus$30,000 or 10% higher. Sixty-three percent of total costs were incurred by men and women aged X50 years. Mean cost per patient was similar for men and women, Aus$119 versus Aus$117, respectively. Men were treated for more lesions across all age groups compared with women and consequently higher absolute costs.
We compared the costs generated in the trial through SkinWatch referrals with all Medicare claims data generated for the intervention and control communities separately This excludes four melanomas that required multiple treatments and, therefore, included in the 'multiple treatments' category ÃÃ 'Other treatments' include cryotherapy, topical creams, shave excision, laser phototherapy, curettage and ablation technique referrals to specialists (Table 4) . A similar percentage of total cost for excised melanomas occurred in the SkinWatch clinics (2.0%) compared with that recorded for all claims for the intervention (1.9%) and control communities (1.4%) during 2001-02. The proportion of costs for excisions of SCCs or BCCs were lower for the SkinWatch group (15.8%) compared with all claims for the intervention (19.3%) and control communities (18.8%), and were similar for benign lesion excisions (26.0%) compared with 28.0% and 27.9%, for intervention and control communities, respectively. This was unexpected because we believed higher quantities of benign lesions would result from a screening programme.
DISCUSSION
The mean and median costs of diagnosis and management per lesion arising from a population screening programme for melanoma were Aus$118 and Aus$128, respectively (Aus$193 mean per patient). Mean costs per lesion were greatest for melanoma and SCC/BCC excisions, due to their more extensive and complex treatment and pathology needs. Excisions of benign skin lesions made up the greatest component of total costs (45.3%) followed by SCC/BCC excisions (21.9%). The total cost burden was approximately 10% higher for men than women, and 63% of overall costs were for persons aged X50 years. Our data appear consistent with three previous economic analyses predicting greater efficiencies if screening was targeted for men over 50 years since there is potential for greater cost savings and benefits to occur in this cohort. [8] [9] [10] Compared with all skin cancers managed for the intervention and control communities in a two-year period outside the trial (2001-02), referrals from the SkinWatch clinics resulted in a higher cost percentage of melanoma excisions, 'other treatments' and linked pathology services. Also, we found that the proportion of costs for excisions for SCC/BCC, benign lesions and biopsies were slightly lower for referrals from the SkinWatch clinics. Although these proportional differences are small, a shift which reduces or contains the huge absolute numbers (and associated total costs) for NMSCs is desirable in terms of health-care expenditure.
The rate of abnormalities (defined as number of screenees with a suspected lesion requiring further tests or treatment over all screenees) from SkinWatch was 14.1% compared with 8.9% from BreastScreen Australia (2002) 18 and 1.8% from the National Cervical Screening Program (2002). 19 For each of the three screening programmes, we obtained average diagnosis/management costs from MBS unit costs per suspected cancer as well as confirmed abnormality rates, and generated ratios of 'cost per 1000 individuals screened'. These costs do not include all costs attributable to the screening programmes (advertising, infrastructure, etc.). The estimated average cost per 1000 individuals was Aus$27,118 for SkinWatch for persons aged X50 years (Aus$23,560 for men aged X50 years only), compared with Aus$26,967 for BreastScreen Australia and Aus$3042 for Some limitations of our study should be noted. The community-based intervention was provided for regional and rural populations and it may not be possible to generalize findings to urban settings. This study was focused on the time of primary diagnosis and management only and excluded any subsequent management and follow-up costs for malignant lesions. However, estimated to be of greater magnitude, we have also not assessed any potential costsavings and it is unknown whether early management of malignant cancers within the trial has lead to potential longterm savings of expensive adjuvant treatments for lesions diagnosed at a later stage. In contrast, this kind of assessment has been undertaken for breast cancer screening, 20 concluding that future costs would partially offset public health investment in screening. Finally, we have not included costs attributable to the establishment and operation of the screening programme (essentially a research project), but have instead concentrated on the immediate cost implications to the health system. This paper has provided insights into costs associated with detection and management of suspicious skin lesions during a melanoma screening trial. There is some indication that screening for melanoma could have costs comparable with other screening efforts and does not seem to unduly increase the proportional costs associated with biopsy or excision of benign lesions compared with management in usual care. In the absence of mass melanoma screening, identifying mechanisms to reduce the increasing toll skin cancer has on the health system and increasing cost-efficiencies should be a research and policy priority.
